Multidrug-resistant Enterobacteriaceae in urinary tract infection (UTI) has spread worldwide; one cause is overuse of broad-spectrum antimicrobial agents such as fluoroquinolone antibacterials. To improve antimicrobial agent administration, this study aimed to calculate a probability prediction formula to predict the organism strain causing UTI in real time from dip-stick testing and flow cytometry.
Results
The best prediction formula for discrimination of the bacilli group and cocci or polymicrobial group was a model with 5 explanatory variables that included percentage of scattergram dots in an angular area of 0-25˚(P<0.001), sex (P<0.001), nitrite (P = 0.002), and ketones (P = 0.133). For a predicted cut-off value of Y = 0.395, sensitivity was 0.867 and specificity was 0.775 (cross-validation group: sensitivity = 0.840, specificity = 0.760). The best prediction formula for P. mirabilis and other bacilli was a model with percentage of scattergram dots in an angular area of 0-20˚(P<0.001) and nitrite (P = 0.090). For a predicted cut-off value of Y = 0.064, sensitivity was 0.889 and specificity was 0.788 (cross-validation group: sensitivity = 1.000, specificity = 0.766).
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Introduction
Urinary tract infection (UTI) is an infectious disease frequently encountered in daily life and is a representative infectious disease that can cause serious sepsis [1] . Also, because Enterobacteriaceae, which produce extended-spectrum β-lactamase (ESBL) and carbapenemase, have recently spread worldwide and have been detected in urine samples at a high rate, proper use of antimicrobial agents in this infectious disease is demanded [2] [3] [4] . Currently, identification of the causative organism of UTI by bacterial culture is the gold standard, but such tests require a long testing time, and it is impossible to obtain the test results concurrently with outpatient treatment. Therefore, in most UTIs, antimicrobial therapy is presently performed with the causative organism being unknown. A system in which the causative organism of UTI can be predicted from dip-stick testing and flow cytometry (FCM), which are the initial tools used in the diagnosis of UTI, is needed.
In recent years, progress in urinalysis has been remarkable, and many studies on the identification of pathogenic bacteria of UTI using FCM have been reported [5] [6] [7] . The FCM instrument aspirates urine and splits it into two volumes prior to fluorescent dye staining. In the first volume, the sediment stain polymethine stains nucleic acid in the cells whereas in the second volume, only nucleic acids in the bacteria are stained. Therefore, sediment contents such as blood cells, epithelial cells, and casts are detected in the first volume, and only bacteria are detected in the second volume. After staining, the specimen is delivered to the flow cell for particle analysis by use of a red semiconductor laser of 635 nm. The particles are characterized according to impedance, scattering, and fluorescence light from forward-and side-scatter lights. The forward scatter provides information on particle size, and the side scatter provides information on the internal complexity and surface of the particle. In addition, fluorescence intensity provides information on the nucleic acid content of each particle. FCM technology has dramatically improved the diagnostic accuracy of urinalysis and especially UTI screening. However, FCM alone has limitations in its accuracy. Mass spectrometry has been developed, and adding it into the laboratory workflow has also been reported [8] , but this modality is expensive and not practical.
The purpose of this study was to calculate a very accurate probability prediction formula to predict the organism strain causing UTI in real time from traditional dip-stick testing and FCM.
Methods

Materials
Among fresh outpatient urine samples submitted to the general urinalysis laboratory of Tenri Hospital between October, 2014 and June, 2015, 372 samples (170 men, 202 women) were chosen in which pyuria (> 5-10/HPF) was confirmed and bacteriuria (> 10 4 CFU/mL) was observed based on bacterial growth in isolated culture testing. Among them, 105 samples (49 men, 56 women) were defined as the cross-validation group, and the remaining 267 samples (121 men, 146 women) were defined as the training group. This study was approved by the ethical committee of Tenri Hospital and Tenri Health Care University (hospital approval no. 899 and university approval no. 115). Informed consent was waived by the institutional review boards owing to the retrospective study design.
Dip-stick testing and flow cytometry
We used the AUTION HYBRID AU-4050 urine analyzer (ARKRAY Marketing, Inc., Kyoto, Japan) to measure the target samples, and for the dip-stick test, we used AUTION Sticks 10EA (ARKRAY Marketing, Inc.) to qualitatively measure the 8 items of specific gravity, pH, proteins, glucose, ketones, hemoglobin, nitrite and leukocytes esterase, and we used FCM to quantitatively measure the 3 items of erythrocytes, leukocytes and bacteria.
BACT scattergram analysis by FCM
A BACT (bacteria) scattergram was obtained from FCM (S1 Fig). In brief, the forward scatter of the Y-axis provides information on particle size, and fluorescence intensity of the X-axis provides information on the nucleic acid content of each particle. Moreover, we used a dot number ratio calculation program for area-specific measurement that we originally developed with Microsoft Visual Basic 2012 (S1 Fig) in which we divided the scattergram into 4 angular areas of 0-20˚(Area I), 20-25˚(Area II), 25-40˚(Area III), and �40˚(Area IV) from the origin in the X-axis direction and calculated the percentage of dots within each area. To evaluate the accuracy of our developed program, we measured Staphylococcus aureus ATCC25923 as a representative cocci and Escherichia coli ATCC25922 as a representative bacilli 10 times and confirmed the reproducibility of the dot number ratio (S1 Table) . After this evaluation, receiver operating characteristic (ROC) analysis was performed on the target urine specimens to differentiate each strain using the values obtained from this program.
Calculation of a prediction formula for causative organisms of UTI
We performed bivariate analysis and multiple logistic-regression analysis on the basis of the 8 qualitative urinalysis items, 3 FCM measurement items and BACT scattergram analysis with age and sex as explanatory variables and each strain as the response variable and calculated a probability prediction formula using the training group data. Among the explanatory variables, we defined age, specific gravity and pH as real-type variables, sex as a binary variable, and other items as graded variables and performed the analysis (S2 Table) . In addition, the calculated prediction formula was verified in the cross-validation group.
Microbiologic testing
We inoculated 5% sheep blood agar/Drigalski medium with 10 μL of fresh urine using a loop and aerobically cultured each sample at 37˚C for 18 to 24 hours. Bacteria with a bacterial content of 10 4 CFU/mL or more were judged to be the uropathogen, and the bacteria were identified using matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS). We used MALDI Biotyper (Bruker Daltonik, Bremen, Germany) and conducted ethanol-formic acid protein extraction as the pretreatment method [9] .
Statistical analysis
We used StatFlex Ver. 6.0 (Artech Co., Ltd., Osaka, Japan) as the statistical analysis software and set the level of significance at P = 0.05. Cut-off points using ROC analysis were determined using the Youden index method [10] . In addition, we used the stepwise method to select the explanatory variables for multiple logistic regression. The best model obtained by multiple logistic regression was the model with the lowest AIC value [11, 12] . As described above, the prediction formula calculated by the multiple logistic regression underwent cross-validation by the hold-out method using the training group of 267 strains and cross-validation group of 100 strains. We also confirmed the interaction for all of the explanatory variables of the multiple logistic regression. In verification of the interaction, the interaction item multiplied by each explanatory variable was calculated, and the item was inserted as an explanatory variable for multiple logistic regression to verify whether a significant difference (P<0.05) could be shown.
Results
Results of strain identification in the target specimens using microbiologic testing
We performed microbiologic testing including urine culture and identification using MAL-DI-TOF MS. Among the 267 target specimens in the training group, those in which only a single species of bacteria was detected (single-species group) comprised 251 specimens, and those in which 2 or more strains were detected comprised 16 specimens (polymicrobial group). In the single-species group, bacilli were detected in 169 specimens (bacilli group), which included the following bacterial strains: Escherichia coli, 121 strains; Klebsiella spp., 28 strains; Proteus mirabilis, 9 strains; Pseudomonas aeruginosa, 3 strains; Enterobacter spp., 6 strains; Citrobacter spp., 1 strain and Serratia marcescens, 1 strain. In contrast, cocci were detected in 82 specimens (cocci group), which included Enterococcus spp., 44 strains; Staphylococcus spp., 25 strains and Streptococcus spp., 13 strains. Besides, among the 105 specimens in the cross-validation group, bacilli were detected in 50 specimens, which included the following bacterial strains: E. coli, 35 strains; K. pneumoniae, 8 strains; P. mirabilis, 3 strains; and E. cloacae, E. aerogenes, K. oxytoca and P. aeruginosa, 1 strain each. Cocci were detected in 50 specimens, which included Enterococcus spp., 28 strains; Staphylococcus spp., 14 strains; and Streptococcus spp., 8 strains.
BACT scattergram analysis by FCM
We used the originally developed dot number counting program (S1 Fig, S1 Table) to calculate the ratio of dot numbers in each angular area of the BACT scattergram generated by FCM, and the results of ROC analysis for each group are shown in Table 1 . In the BACT scattergram analysis, discrimination characteristics were satisfactory between the bacilli group and the cocci or polymicrobial group, and between the P. mirabilis group and the other bacilli group. However, the distinctions were indistinguishable between the single-species group and the polymicrobial group and between the polymicrobial group and the cocci group on the BACT scattergram. In addition, it was not possible to distinguish bacterial species other than P. mirabilis. 
Calculation of a prediction formula for causative organisms of UTI
Based on the results of the above-mentioned BACT scattergram analysis, it was possible to discriminate between the bacilli group and the cocci or polymicrobial group and between the P. mirabilis group and the other bacilli group in the bacilli groups. The analysis results of both comparisons using the other testing items including dip-stick testing are shown below. Differentiation between the bacilli group and cocci or polymicrobial group. The results of the bivariate analysis in the discrimination of the bacilli group and cocci or polymicrobial group are shown in S3 Table, and those of the multivariable logistic regression analysis are shown in Table 2 . As a result of the bivariate analysis of the 8 qualitative urinalysis items, 4 FCM measurement items, and age and sex, the items showing P<0.05 were sex (P<0.001), bacteria count (P<0.001), BACT scattergram (P<0.001), specific gravity (P = 0.030), proteins (P = 0.004), ketones (P = 0.043) and nitrite (P<0.001). Moreover, we performed a multivariable logistic regression analysis for which the explanatory variables were selected using the stepwise method, and several models were calculated for the selected variables based on the results of bivariate analysis. As a result of the multivariable logistic regression analysis of these items using response variables to differentiate between the bacilli group and cocci or polymicrobial group, the best final model with the lowest Akaike's Information Criterion (AIC) value was model 1 that included Area I+II/all areas of the BACT scattergram analysis (P<0.001), sex (P<0.001), nitrite (P = 0.002) and ketones (P = 0.133). The explanatory variables selected in this model were only those selected by the stepwise method. Moreover, we confirmed the interaction for all of the explanatory variables. As a result, interaction was recognized only between nitrite and specific gravity in model 3. However, model 3 including nitrite and specific gravity was not the final model. We determined model 1 to be the final model to predict between the bacilli group and cocci or polymicrobial group, and the formula was calculated as follows: Fig 1, and the cut-off value, sensitivity and specificity are shown in Table 3 . The AUC value of this ROC analysis was 0.875. When the cut-off value for the predicted Y value was 0.395, the sensitivity was 0.867 and the specificity was 0.775. In addition, in the cross-validation group, the sensitivity was 0.840 and the specificity was 0.760. Differentiation between P. mirabilis group and other bacilli group among the bacilli groups. Final regression analysis using the P. mirabilis group and other bacilli groups as the response variables revealed that model 1 shown in Table 4 had the best AIC value. This model with the lowest AIC value included Area I/I+II+III of the BACT scattergram analysis Prediction of Uropathogens by Flow Cytometry and Dip-stick Test Results of Urine (P<0.001) and nitrite (P = 0.090). Moreover, we confirmed the interaction of all explanatory variables, but it was not. We assumed this model to be the model for calculation of the probability prediction formula to differentiate between the P. mirabilis group and other bacilli groups and calculated the formula as follows: ROC analysis of the predicted Y value is shown in Fig 2, and the cut-off value, sensitivity and specificity are shown in Table 5 . The AUC value of this ROC analysis was 0.876. When the cut-off value for the predicted Y value was 0.064, the sensitivity was 0.889 and the specificity was 0.788. In addition, in the cross-validation group, the sensitivity was 1.000 and the specificity was 0.766.
ROC analysis of the predicted Y value is shown in
Y ¼ 1=f1 þ e ÀðÀ
Discussion
Recently, drug-resistant bacteria including ESBL and carbapenemase-producing Enterobacteriaceae have spread remarkably worldwide [1] [2] [3] [4] . These drug-resistant bacteria have been detected in urine samples at high rates, and the use of broad-spectrum antimicrobial agents represented by fluoroquinolone antibacterials is a risk factor [13] [14] [15] [16] . To contribute to the appropriate selection of antimicrobial therapy in the treatment of UTI, we devised a predictive formula that can predict causative organisms of UTI using the dip-stick test and FCM, which are the initial tools used in UTI diagnosis. With regard to the prediction of urinary bacterial strains using FCM, a previous report by Monsen and Rydén found characteristics in each strain of the causative organisms of UTI based on the bacterial count, leucocyte count and red blood cell count, which they calculated using FCM [5] . However, their research only grouped the characteristics data for each causative organism of UTI, and real modeling or verification studies were not conducted. Therefore, it cannot be said that this research is practical as routine work. In addition, because their prediction is classified only on the basis of the 3 items of bacterial count, leucocyte count and red blood cell count, the discrimination ability is limited. We devised a probability prediction formula with higher discrimination characteristics by combining the results of BACT scattergram analysis obtained from FCM with those of qualitative urine analysis. Furthermore, in a previous report on strain estimation based on scattergram analysis by FCM, Muratani et al. showed that if the angle from the X axis of the approximate curve obtained from the scattergram was less than 30˚, the strain was likely to be a Gram-negative bacteria and that if the angle was 30˚or more, it was likely to be a Gram-positive bacteria [6, 7] . In the present study, the angle borderline between bacillus and coccus was at 25˚. The discrepancy in the results of angle setting of the approximate curve may be due to a difference between the use of a turbid solution of strains in the study of Muratani et al. and the use of clinical urine samples in the present study.
Recent advances in FCM instrumentation have led to the new automated UF-5000 FCM system with higher performance than the device used in the present study [8, 9] . Consequently, a more sophisticated workflow is expected in the future because we can reconstruct a regression equation once through multivariate analysis using this new instrument.
In the BACT scattergram analysis of this study, we determined whether all bacterial species can be distinguished in addition to the distinction between cocci and bacilli using ROC analysis. As a result, it was possible to distinguish between cocci or polymicrobial and bacilli, P. mirabilis and others, but not other species.
In addition, P. mirabilis was distinguished only by the results using urine specimens without conducting a pilot study by BACT scattergram analysis using P. mirabilis ATCC strain because the shape of P. mirabilis differs when a colony of the strain is measured by FCM and when the urine specimen is measured by FCM. Actually, P. mirabilis in urine specimens shows a slenderer and longer form on Gram staining than other Enterobacteriaceae, but logarithmic growth colonies do not show such a form. Its shape is similar to that of other Enterobacteriaceae. Therefore, we performed multiple logistic analysis using data from urine specimens to reflect more realistic data from clinical laboratory tests.
We believe that a urinalysis workflow system based on the results of this study will greatly contribute to empirical antimicrobial therapy. According to the Sanford Guide for Infectious Disease Treatment, primary regimens for UTI are trimethoprim-sulfamethoxazole or nitrofurantoin, and alternative regimens are fluoroquinolones such as ciprofloxacin and cephalosporins such as cephalexin [17] . Most of uropathogens are Enterobacteriaceae (approximately 80%), but 10% are Enterococcus spp. Enterococcus spp. is naturally resistant to trimethoprimsulfamethoxazole and cephem [18, 19] . Therefore, it is very meaningful to distinguish between bacilli, which are mainly Enterobacteriaceae, and cocci, which are mainly Enterococcus spp. Fluoroquinolone or other alternative regimens are effective against both bacilli and cocci, but fluoroquinolone is the most well-recognized risk factor for the emergence of antimicrobialresistant organisms such as ESBL and carbapenemase-producing Enterobacteriaceae [13] [14] [15] [16] . Therefore, this treatment should be avoided whenever possible. Thus, if the workflow system predicts cocci or polymicrobial bacteria, the UTI should be treated with ampicillin rather than trimethoprim-sulfamethoxazole or cephem (and fluoroquinolone should be considered only in cases of severe infectious disease).
Most of the Enterobacteriaceae are E. coli and Klebsiella sp., but they also include P. mirabilis. UTIs caused by P. mirabilis may be associated with severe disturbances such as hyperammonemia because it is a urease-producing bacteria [20] . In addition, P. mirabilis is naturally resistant to first-generation cephem and nitrofurantoin as well as to colistin, which is the first antimicrobial agent for carbapenemase-producing organisms, which are currently feared to spread worldwide. Therefore, if P. mirabilis is predicted in the workflow system of this study, it is necessary to consider the initial treatment carefully, and it should be treated with trimethoprim-sulfamethoxazole and not nitrofurantoin or cephalexin.
This study has two limitations. First, although this study proved that the prediction formula could roughly classify bacterial groups into the bacilli group and cocci or polymicrobial group, it could not distinguish them according to strain. It could distinguish between the P. mirabilis group and other bacilli group, but due to the small number of specimens, it will be necessary to increase the number of specimens and perform a re-analysis. Second, we used fresh urine of outpatients suspected of having a UTI as the targeted material for this study, but we did not consider patient backgrounds. Therefore, it is possible that patients such as catheterized patients and pregnant women may have asymptomatic bacteriuria. However, as we usually do not consider the patient's background in routine urinalysis, the probability prediction equation presented in this study, which does not consider patient background, is optimal when used in daily workflow.
In conclusion, the probability prediction formula calculated in this study could accurately discriminate between bacilli and cocci or multiple species of bacteria as causative organisms of UTI. Incorporating this system into the general urinalysis system may contribute to more appropriate empiric therapy of UTIs. Moreover, there is a likelihood that reducing the use of broad-spectrum antimicrobial agents including fluoroquinolone antibacterials may inhibit the emergence of drug-resistant bacteria. 
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